It has been definitely established (Waksman, 1941; Waksman and Horning, 1942 ) that fungi capable of producing anti-bacterial substances are widely distributed in nature and are not limited to any one or more taxonomic groups. Such fungi can be readily isolated from soils, manures, composts, and dust by the use of appropriate bacteria-enriched agar media. Out of some 160 antagonistic fungi thus isolated, two organisms were selected for further study, because of their outstanding capacity to produce in culture media substances which inhibit in rather high dilutions the growth of various bacteria. These two organisms were Aspergillus fumigatus Fresenius, of which 16 strains were isolated from different soils and composts, and Aspergillus clavatus Desmazieres, represented by 3 isolations. The methods of testing the antibiotic action of the culture filtrates of these organisms have been described in detail elsewhere (Waksman and Homing, 1942). This paper deals specifically with the formation, concentration, and isolation of the antibiotic substances produced by these two fungi under different conditions of culture and nutrition.
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ASPERGILLUS FUMIGATUS
When grown in simple synthetic media A. fumigatus produces an antibiotic substance, which has been designated as "fumigacin" (Waksman, Horning and Spencer, 1942) . The medium used most extensively for this purpose was that of Czapek-Dox or a glucose-nitrate solution, which consists of 40 g. glucose, 3 g. NaNO3, 1 g. KH2PO4, 0.5 g. KCl, 0.5 g. MgSO4 7H20, 0.01 g. FeSO4.7H20, and 1000 ml. tap water.-The antibiotic substance was found to be produced in this medium during the early stage of growth of the organism: its presence could be demonstrated even within 3 days incubation at 28°C; it reached a maximum in 7-8 days, and then gradually disappeared on further incubation. The reduction in activity is due either to the destruction of the active substance or to its transformation into an inactive or at least a less active type of compound. In view of the recent announcement made by Oxford and Raistrick (1942) that fumigatin, a maroon-colored pigment produced by A. fumigatus, also has antibacterial properties, it was desirable to establish first the possible relation between the nature and formation of fumigatin and fumigacin, as well as their chemical and biological differences. This can be done by comparing the results on fumigacin obtained in this laboratory, with those on fumigatin reported from Raistrick's laboratory (Anslow and Raistrick, 1938;  Oxford and Raistrick, 1942) . The composition of the media used in the production of these two substances was different. The substances are apparently produced at different stages of growth of the fungus, fumigacin at an early stage (3-10 days) and fumigatin at a late stage (35 days) . The methods of isolation are also somewhat different, fumigacin being first adsorbed on norit, then treated with ether and finally extracted in chloroform, whereas fumigatin is removed directly from the medium by chloroform. Because of these differences, the two substances can easily be differ- Fumigacin and fumigatin are thus shown to be distinctly different compounds, varying in the mode of formation, chemical nature, and antibacterial activity. The capability of a single organism to produce more than one substance which possesses antibiotic activity is no rare phenomenon among antagonistic microorganisms. This has been established, for example, for Pseudomonas aeruginrosa, which produces pyocyanin and pyocyanase; for Bacillus brevis which forms gramicidin and tyrocidine; for Actinomyces antibioticus, which produces the pigmented actinomycin A and the non-pigmented actinomycin B; and for Penicillium notatum, which forms the very importait antibiotic substance penicillin, the pigment chrysogenin, and a substance active against certain gram-negative bacteria, such as Etcherichia coli, which may be designated as the colon factor (Waksman and Homing, 1942) . (Anslow and Raistrick, 1938; Oxford and Raistrick, 1942) The course of formation, isolation, relative yields, and activity of the two substances are given in table 2. The substance produced in the Czapek-Dox medium had very high anti-bacterial properties, especially after 6 days incubation, whereas little antibiotic substance was produced in the Raulin-Thom medium. When the culture filtrate was extracted directly with chloroform, a fairly good yield of material possessing a high antibiotic activity was obtained from the 6-and 11-day old cultures on the Czapek-Dox medium and a more limited yield with a much lower activity from the Raulin-Thom medium. When the active substance was absorbed on norit, then removed by ether and chloroform, the Czapek-Dox medium yielded a substance (fumigacin) with high antibiotic activity, whereas similar preparations obtained from the Raulin-Thom medium possessed little activity. The Czapek-Dox medium gave only a weak iodine test and a weak reaction with concentrated sulfuric acid (qualitative tests for quinones); however, the Raulin-Thom medium gave a strong reaction with these two reagents, thus confirming the results of Anslow and Raistrick (1938) on the formation of the quinone fumigatin in this medium.
These results thus serve to illustrate further the marked difference in the formation, chemical nature, and biological activity of fumigatin and fumigacin. The latter substance may, therefore, be considered as the true antibiotic agent produced by A. fumigatus. The pigment fumigatin also possesses some antibacterial properties; however, these appear to be those characteristic of quinones, to which group this substance belongs and which are known to act as bacteriostatic agents (Morgan and Cooper, 1921, 1924; Oxford, 1942) . It is of particular interest to note that whereas fumigacin is active chiefly against grampositive bacteria, especially cocci and spore-forming bacteria, and has comparatively little activity against various gram-negative bacteria, such as E. coli and Aerobacter aerogenes, fumigatin, in a manner typical of quinones, does not seem to exhibit such marked distinctions, as could be seen from the results reported by Oxford and Raistrick (1942) . Fumigatin was said to deteriorate on standing, inhibition of Staphylococcus aureus being reduced from 1: 50,000 to 1:25,000 in 7 days. Fumigacin, however, when kept in the refrigerator for a month or more showed no deterioration, the inhibition of different strains of S. aureus by crude material varying from 1:200,000 to 1:500,000, and by the crvstalline material from 1:200,000 to 1:750,000.
The growth of A. fumigatus on the glucose-nitrate medium always results in an alkaline reaction. This is brought out in, table 3, where the results of an experiment on the effect of concentration of glucose and nitrate upon the production of fumigacin are reported. Neither the amount of energy material nor the concentration of the nitrogen appeared to have any significant effect upon the formation of this substance. The period of incubation seemed to be most important, the optimum being 6-9 days at 28°C. This period was, therefore, used in all subsequent experiments. It is particularly interesting to note the rapid disappearance of the active substance after 9 days incubation. This may be due to its rapid oxidation, as brought out in table 4. The shallower cultures tended to lose their activity much more rapidly than the deeper cultures. The addition of zinc, an element often found to play an important role in the metabolism of many fungi, had a somewhat depressive effect upon the active substance, beyond the optimum period of incubation, and appeared to favor its rapid destruction.
The isolation of fumigacin could be most readily brought about by treating the culture filtrate with norit A (5 g. per liter); complete adsorption took place in about 2-3 hours, at 37°C. The norit is then dried and treated with ether, followed by chloroform. Although the latter reagent is quite sufficient to remove virtually all the fumigacin from the norit, it was found that the preliminary treatment with ether facilitates considerably the subsequent crystallization of the fumigacin. The chloroform solution is evaporated to dryness and the residue treated with ethyl alcohol, in which fumigacin is readily soluble, especially on warming. On cooling the alcoholic solution in the refrigerator, fumigacin crystallizes out in the form of white, needle-shaped crystals. The mother liquor remains highly active, the degree of activity being similar, on a dry weight basis, to that of the crystalline fumigacin. This activity appeared to be largely due to some of the fumigacin remaining in solution.
It is sufficient to summarize the results of a typical experiment on the yield and activity of fumigacin. Six-day old cultures of A.fumigatus were used. The filtrate had a pH of 7.9 and an activity of 1,000 The action of fumigacin was also tested against fungi. The activity of the substance against these organisms was found to be only very limited. Growing cultures of A. fumigatus, however, appear to antagonize the growth of many fungi.
An interesting correlation was found to exist between the growth of A. fumigatus at different temperatures and the production of fumigacin. The organism grows well at 50°C, but it does not produce any active material. As the temperature of incubation is reduced from 500 to 25°C., the amount of fumigacin produced gradually increases, without necessarily impairing the growth of the organism. Below 25°C., however, both the growth of the organism and the formation of the active substance are reduced.
Fumigacin has a certain degree of resistance to higher temperatures. On boiling the material in aqueous solution for 5-10 minutes, its activity was reduced, without being destroyed completely. On heating at 80°C., for 15 ninutes, the activity was reduced only slightly. Hence the substance may be considered as thermostable.
Fumigacin crystals are only sparingly soluble in water. When dissolved in alcohol and precipitated by addition of 9 volumes of water, the alcohol-water solution was found to contain 0.25 mg. fumigacin per 1 ml.
Little is known as yet concerning the activity of fumigacin in vivo. It is to be recalled that Vaudremer (1913) A. clavatus was grown on a variety of media, under different culture conditions. The glucose-nitrate medium was chiefly employed. The organism produced on this medium a sharp, pungent odor, similar to the putrefactive odor of many bacteria grown on protein media. The reaction of the media always became acid. The active substance was formed during the early stages of growth, even within 3 days incubation at 28°C. The activity of the culture tended to diminish on further incubation (table 7). The highest activity was usually obtained in 6 days though the culture was still active even after 3 weeks. The culture filtrate showed two marked differences from fumigacin in anti-bacterial activity: first, it was active against E. coli; and, second, it possessed greater activity against B. subtilis than against B. mycoides. The active substance could be removed readily from the culture either by direct treatment with ether and chloroform or by adsorption on norit and subsequent elution by ether and chloroform. It was far more readily soluble in ether than was fumigacin; it was also readily soluble in water. This substance appeared thus to be distinctly different from fumigacin in chemical properties and biological action. It possessed another important property, a high bactericidal action, which made it quite distinct from certain other antibiotic agents, such as penicillin.
Because of these specific chemical and biological properties, this substance is recognized as distinct in nature and is designated as clavacin.
The nature of the nitrogen source, its concentration, presence of certain growth-promoting substances,. neutralization of acid produced during growth, were all found to be of importance in the production of anti-bacterial agents by certain fungi (Waksman and Horning, 1942) . In order to establish the optimum conditions for the production of clavacin, the influence of these factors upon the In order to concentrate and isolate clavacin from the culture medium, the same methods were used as in the isolation of the fumigacin. The adsorption of the active substance on the norit, however, proceeded more slowly and was less complete. The clavacin could be removed from the norit more readily by the use of ether than by chloroform. It could also be extracted directly from the culture filtrate by means of these two solvents; although somewhat lower yields were obtained, the activity was high. This is brought out in table 9.
The final procedure adopted for the extraction of clavacin consisted in the treatment of the culture ifitrate with norit for 4-6 hours at 37°C., and the removal of the active material by several treatments of the norit with ether, followed by chloroform. Since the reaction of the culture medium became acid alcohol, which appeared to remove most of the active material. A considerable gummy residue did not dissolve in the alcohol, but became soluble on subsequent treatment with NaOH solution. This alkali solution also had some activity which was similar in nature to that of the alcohol-soluble fraction. It is impossible to say at present whether more than one type of active substance was involved, or whether the substance was present in two different forms. The active substance appeared to be an acid, soluble in alcohol and in water; the sodium salt, however, was insoluble in alcohol, but soluble in water. The latter appeared to be rather unstable, the activity disappearing on standing in the refrigerator.
Among the characteristic properties of clavacin, its high bactericidal action was particularly significant, as shown in table 10 and in figure 1. Different hours, the control had 3,500,000 cells per 1 ml. The addition of 280 mg. of clavacin gave complete sterility, 28 mg. reduced the number of bacteria to 150,000, and 2.8 mg. gave 3,600,000 bacteria, or the same number as the control.
Many bactericidal agents, when used in low concentrations, have been found to exert a stimulating effect upon the numbers of bacteria. Such an effect has also been obtained for clavacin acting upon E. coli, after 2.5 and to a lesser extent after 6 hours incubation. This effect disappeared after 24 hours.
Clavacin showed also some fungistatic action, but to a rather limited extent. The fungi appeared to overcome the effect in a short time, either by inactivating the clavacin or by adjusting themselves to its action. Clavacin is thermostable; heating at 100°C. for 10 minutes does not reduce its activity. It also appears to be fairly toxic to animals when injected into their tissues. Whether this toxicity is associated with strain specificity is still to be determined. Although Wiesner (1942) reported that he used his preparation for human treatment, no specific results were given. The results of a study of the antibiotic properties of two fungi, Aspergillus fumigatus and Aspergillus clavatus, isolated from soils, stable manure, and composts are reported.
A. fumigatus grown in a glucose-nitrate mineral medium produces an antibacterial substance which was designated as fumigacin. This substance is distinct in chemical nature and anti-bacterial activities from the pigment fumigatin also produced by this organism.
Fumigacin is formed in the culture medium during the early stages of growth of the fungus, namely in 5-9 days, and is then gradually destroyed on further incubation.
Fumigacin can be concentrated and isolated by adding norit to the culture ifitrate, treating the norit with ether, and finally extracting the active substance in chloroform.
Fumigacin is readily soluble in alcohol and only sparingly soluble in water. When the alcoholic solution is cooled, white, needle-shaped crystals of fumigacin are produced.
Fumigacin is active against gram-positive bacteria and has comparatively little effect upon gram-negative organisms or fungi. It is both bacteriostatic and bactericidal, the ratio between the two properties being rather wide.
A 
